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1 
POWER SUPPLY FOR A RETINA IMPLANT 


CROSS-REFERENCE TO RELATED 
APPLICATIONS 


This application is a U.S. Nationalization of PCT Interna- 
tional Application No. PCT/EP2008/002276 filed 20 Mar. 
2008, entitled “POWER SUPPLY FOR A RETINA 
IMPLANT,’ which is incorporated herein by reference in its 
entirety. 

The invention relates to a power supply for a retina implant 
at least partly located in the interior of a patient’s eye, and to 
a visual prosthesis system. The invention further relates to a 
method for supplying power to a retina implant. 

There exist a variety of different diseases of the retina that 
are caused by a degeneration of the photosensitive cells of the 
retina. Examples of degenerative diseases are retinitis pig- 
mentosa, macula degeneration or Usher syndrome. As a result 
of these degenerative diseases, people slowly loose their 
vision and eventually suffer from complete blindness. A 
visual prosthesis system comprising a retina implant is a 
helpful tool for at least partially reestablishing a modest 
visual perception and a sense of orientation for blind and 
visually impaired users. 

In general, the electrical power required for the retina 
implant's operation is supplied to the retina implant via a high 
frequency electromagnetic field. The electromagnetic field 
may e.g. be generated by a transmission coil that is integrated 
into an eyeglass frame. The retina implant comprises a 
receiver coil adapted for receiving the high frequency elec- 
tromagnetic field, wherein the received high frequency signal 
supplies the power required for the retina implant's operation. 

However, it is difficult to achieve a satisfying energy trans- 
fer to the retina implant. The degree of efficiency for trans- 
mitting power to the retina implant is quite limited. 

It is an object of the patient invention to provide an 
improved power supply for a retina implant that allows for a 
more efficient energy transfer. 

The object ofthe invention is solved by a power supply for 
a retina implant at least partly located in the interior of a 
patient's eye. The power supply comprises a first transmis- 
sion coil and a second transmission coil. The power supply 
further comprises a signal generation unit adapted for gener- 
ating a first high frequency signal and a second high fre- 
quency signal, and for applying the first high frequency signal 
to the first transmission coil and the second high frequency 
signal to the second transmission coil, the second high fre- 
quency signal being phase shifted relative to the first high 
frequency signal. The first transmission coil is adapted for 
transmitting the first high frequency signal, and the second 
transmission coil is adapted for transmitting the second high 
frequency signal. 

In prior art solutions, one single transmission coil has been 
used for transmitting an electromagnetic signal from a trans- 
mission coil to a receiver coil ofthe retina implant. However, 
due to anatomic restrictions, the receiver coil is not arranged 
in parallel with the transmission coil. Furthermore, the dis- 
tance between the transmission coil and the receiver coil is 
generally quite large. As a consequence, the degree of effi- 
ciency for the energy transfer from the transmission coil to the 
receiver coil is generally quite small, e.g. in the range of 196. 

According to embodiments ofthe present invention, two or 
more transmission coils are employed, with each ofthe trans- 
mission coils being adapted for transmitting a dedicated high 
frequency signal. The first transmission coil radiates a first 
electromagnetic field and the second transmission coil radi- 
ates a second electromagnetic field. Thus, a superposed elec- 
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tromagnetic field is generated as a superposition of the 
respective electromagnetic fields transmitted by the first and 
the second transmission coil. At the retina implant, the super- 
posed electromagnetic signal is received by the receiver coil, 
and the received electromagnetic signal provides the energy 
required for the retina implant's operation. 

The superposed electromagnetic signal can be optimized to 
provide for an improved energy transfer to the retina implant. 
For example, by varying the relative phase of the second high 
frequency signal relative to the first high frequency signal, 
and by varying the respective amplitudes, a superposed elec- 
tromagnetic signal adapted to the location and to the recep- 
tion properties of the receiver coil can be generated. Even if 
the first and the second transmission coil are not in an opti- 
mum position relative to the receiver coil, it is possible to 
generate a superposed electromagnetic signal that matches 
with the receiving properties of the receiver coil. Thus, the 
difficulties with regard to positioning the receiver coil relative 
to the transmission coils are compensated for. 

As a consequence, energy transfer to the receiver coil is 
optimized, and the degree of efficiency for energy transfer to 
the receiver coil of the retina implant is increased. 

According to a preferred embodiment, the first and the 
second transmission coil are oriented at a predefined angle 
relative to one another. Further preferably, the first and the 
second transmission coil are oriented at an angle between 70? 
and 120? relative to one another. By arranging the two trans- 
mission coils in this manner, each of the transmission coils 
may provide a respective component of the superposed elec- 
tromagnetic field. 

According to a preferred embodiment, the phase shift of 
the second high frequency signal relative to the first high 
frequency signal lies in the range between -120? and +120°. 
The resulting superposed electromagnetic field depends on 
the phase shift between the first high frequency signal and the 
second high frequency signal. For example, by varying the 
phase shift between the first and the second high frequency 
signal, the resulting superposed electromagnetic field may be 
adapted to the location and orientation of the receiver coil. 

According to a preferred embodiment, the frequency ofthe 
first high frequency signal is substantially equal to the fre- 
quency of the second high frequency signal. 

According to a preferred embodiment, the frequency ofthe 
first high frequency signal and the second high frequency 
signal is in the range between 100 kHz and 100 MHz. Pref- 
erably, high frequency signals in the radio frequency range 
are preferably used for transferring energy to the receiver coil 
ofthe retina implant. 

According to a preferred embodiment, the signal genera- 
tion unit comprises a signal generator adapted for generating 
a high frequency signal, and a phase shifter adapted for con- 
verting the high frequency signal into the first high frequency 
signal and the second high frequency signal, the second high 
frequency signal being phase shifted relative to the first high 
frequency signal. According to this embodiment, a common 
high frequency signal is used as a starting point for generating 
the first and the second high frequency signal, wherein a 
relative phase shift between the first and the second high 
frequency signal is induced by the phase shifter. 

According to a preferred embodiment, the power supply 
further comprises at least one amplifier adapted for amplify- 
ing the first high frequency signal and the second high fre- 
quency signal before supplying the first and the second high 
frequency signal to the first and the second transmission coil, 
respectively. 

According to a preferred embodiment, the power supply 
comprises a first amplifier adapted for amplifying the first 
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high frequency signal and a second amplifier adapted for 
amplifying the second high frequency signal. When two sepa- 
rate amplifiers are used for amplifying the first and the second 
high frequency signal, the respective amplitudes of the first 
and the second high frequency signal can be controlled inde- 
pendently of one another. Thus, orientation and magnitude of 
the resulting superposed electromagnetic field can be 
adjusted by varying the respective amplitudes of the first and 
the second high frequency signal. The resulting superposed 
electromagnetic field may e.g. be adapted to the location and 
orientation of the receiver coil. 

According to a preferred embodiment, the power supply 
further comprises further transmission coils, wherein the sig- 
nal generation unit is adapted for generating, in addition to the 
first and the second high frequency signal, further high fre- 
quency signals, and for applying the further high frequency 
signals to the further transmission coils. By providing a set of 
three or more transmission coils, amore powerful superposed 
electromagnetic field may be generated. Preferably, by coor- 
dinating the amplitudes and phase relations of the various 
high frequency signals supplied to the transmission coils, an 
optimum superposition of the various signal components can 
be accomplished. 

According to a preferred embodiment, the power supply 
further comprises an eyeglass frame, with both the first trans- 
mission coil and the second transmission coil being inte- 
grated in the eyeglass frame. When the patient wears the 
eyeglass frame, the first and the second transmission coil are 
automatically brought to respective predefined positions rela- 
tive to the retina implant. 

According to a preferred embodiment, the first transmis- 
sion coil is arranged around one of the eyeglasses of the 
eyeglass frame. According to a further preferred embodi- 
ment, the second transmission coil is integrated into one of 
the temples of the eyeglass frame. When both the first and the 
second transmission coil are integrated in the eyeglass frame 
in this manner, the first transmission coil is oriented at an 
angle of about 70° to 120° relative to the second transmission 
coil. Accordingly, a superposed electromagnetic field of high 
strength and adjustability is generated. 

A visual prosthesis system according to embodiments of 
the present invention comprises a power supply as described 
above, and a retina implant at least partly located in the 
interior of a patient’s eye, the retina implant comprising a 
receiver coil. The receiver coil is adapted for receiving a 
superposed high frequency signal transmitted by the first 
transmission coil and the second transmission coil. 

According to a preferred embodiment, the superposed high 
frequency signal comprises a first signal component transmit- 
ted by the first transmission coil and a second signal compo- 
nent transmitted by the second transmission coil. The signal 
components transmitted by the first and the second transmis- 
sion coil add up to an overall signal 

According to a preferred embodiment, the first high fre- 
quency signal and the second high frequency signal are opera- 
tive to transmit electrical power to the retina implant. The first 
and the second high frequency signal can be adjusted such 
that the resulting superposed signal matches with the orien- 
tation and position of the receiver coil. By adjusting the 
superposed electromagnetic field to the receiver coil, the 
degree of efficiency of the energy transfer is improved. 

According to a preferred embodiment, the visual prosthe- 
sis system further comprises a video camera adapted for 
acquiring image data and for providing a video signal. In a 
preferred embodiment, the video camera is integrated into an 
eyeglass frame. 
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According to a preferred embodiment, the visual prosthe- 
sis system further comprises a data processing unit, the data 
processing unit being adapted for converting a video signal 
into corresponding stimulation data for the retina implant. 

According to a preferred embodiment, at least one of the 
first high frequency signal and the second high frequency 
signal is modulated in accordance with stimulation data to be 
transmitted to the retina implant. In this embodiment, the first 
and the second high frequency signals are used both for 
transferring energy to the retina implant and for transmitting 
the stimulation data to the retina implant. 

According to a preferred embodiment, the retina implant 
comprises an array of microcontacts adapted for contacting 
ganglia of the patient's retinal tissue. 

According to a preferred embodiment, the retina implant is 
adapted for receiving stimulation data and for stimulating the 
micro-contacts according to the stimulation data. 

According to a preferred embodiment, the retina implant 
comprises a stimulation chip adapted for converting stimula- 
tion data into corresponding stimulation pulses for the array 
of micro-contacts. Preferably, the stimulation chip is powered 
by the electrical energy received by the receiver coil of the 
retina implant. 

Furthermore, a method for supplying power to a retina 
implant is provided, the retina implant being at least partly 
located in the interior of a patient's eye. The method com- 
prises generating a first high frequency signal and a second 
high frequency signal, wherein the second high frequency 
signal is phase shifted relative to the first high frequency 
signal, applying the first high frequency signal to a first trans- 
mission coil and the second high frequency signal to a second 
transmission coil, and transmitting the first high frequency 
signal by the first transmission coil and the second high fre- 
quency signal by the second transmission coil. 

According to a preferred embodiment, the method further 
comprises adjusting the phase shift between the first high 
frequency signal and the second high frequency signal to 
optimize energy transfer to the retina implant. The phase shift 
between the first and the second high frequency signal effects 
the superposed electromagnetic field. Hence, by varying the 
phase shift, the orientation of the electromagnetic field may 
be adjusted to the orientation of the receiver coil, and energy 
transfer to the receiver coil may be optimized. 

According to a preferred embodiment, the method further 
comprises adjusting respective signal amplitudes of the first 
high frequency signal and the second high frequency signal to 
optimize energy transfer to the retina implant. By varying the 
respective amplitudes of the first and the second high fre- 
quency signal, it is possible to vary both the orientation and 
the strength of the resulting electromagnetic field. The orien- 
tation of the electromagnetic field may be matched with the 
orientation of the receiver coil. Thus, energy transfer to the 
receiver coil may be optimized. 

For a better understanding of the present invention and to 
show how the same be carried into effect, reference will now 
be made by a way of example to the accompanying drawings 
in which: 

FIG. 1 gives an overview of a visual prosthesis system; 

FIG. 2 shows a cross section of an eyeball comprising a 
retina implant; 

FIG. 3 shows the circuitry for generating high frequency 
signals for the respective transmission coils; and 

FIG. 4 shows a phase shift between the amplified first high 
frequency signal and the amplified second high frequency 
signal. 

FIG. 1 shows a visual prosthesis system for at least partially 
reestablishing a modest visual perception and a sense of ori- 
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entation for blind and visually impaired users. There exist a 
variety of different diseases of the retina that are caused by a 
degeneration of the photosensitive cells of the retina. 
Examples for degenerative diseases are retinitis pigmentosa, 
macula degeneration or Usher syndrome. As a result of these 
regenerative diseases, people slowly loose their vision and 
eventually suffer from complete blindness. 

The visual prosthesis system shown in FIG. 1 comprises a 
retinal implant 1 that may for example comprise an intraocu- 
lar part located within the eyeball 2 and an extraocular part 
located at the outer surface of the eyeball 2. The intraocular 
part of the retinal implant 1 comprises an array of micro- 
contacts that is in direct contact with the patient’s retina, 
wherein the micro-contacts are adapted for electrically con- 
tacting the retinal tissue. 

The visual prosthesis system further comprises a visual 
interface 3, which may for example be realized as an eyeglass 
frame. The visual interface 3 is adapted for supplying energy 
to the retina implant 1, and for performing wireless data 
communication with the retina implant 1. The energy transfer 
from the visual interface 3 to the retina implant 1 is effected 
by a first transmission coil 4 and a second transmission coil 5 
which are both integrated in the eyeglass frame. The visual 
prosthesis system comprises a pocket computer 6 that is con- 
nected to the visual interface 3 via a wire connection 7. The 
pocket computer 6 comprises a signal generation unit 8 that 
generates a first high frequency signal for the first transmis- 
sion coil 4 and a second high frequency signal for the second 
transmission coil 5. Preferably, the two high frequency sig- 
nals have the same frequency, with the frequency of the first 
and the second high frequency signal being in the range 
between 100 kHz and 100 MHz. Further preferably, the sec- 
ond high frequency signal is phase shifted relative to the first 
high frequency signal. 

Via the wire connection 7, the first high frequency signal is 
supplied to the first transmission coil 4, and the second high 
frequency signal is supplied to the second transmission coil 5. 
The first transmission coil 4 transmits the first high frequency 
signal, and the second transmission coil 5 transmits the sec- 
ond high frequency signal. The first and the second transmis- 
sion coil 4, 5 radiate an electromagnetic field having a fre- 
quency in the radio frequency range. 

Preferably, the first transmission coil 4 is arranged at an 
angle between 70° and 120° relative to the second transmis- 
sion coil 5. For example, the first transmission coil 4 may be 
arranged around one of the eyeglasses of the eyeglass frame, 
whereas the second transmission coil 5 may be integrated into 
one of the temples 9 of the eyeglass frame. 

The retina implant 1 comprises a receiver coil for receiving 
the superposed electromagnetic field generated by the first 
transmission coil 4 and the second transmission coil 5. The 
electromagnetic signal received by the receiver coil provides 
the electrical power for operation of the retina implant 1. 

The visual interface 3 may further comprise a video camera 
10 for acquiring a video image of the patient’s field of view. 
Video signals acquired by the video camera 10 are transmitted 
to the pocket computer 6. There, the video signals are con- 
verted into corresponding stimulation data for the array of 
micro-contacts on the retina implant 1. The stimulation data 
determined by the pocket computer 7 is forwarded to the 
visual interface 3 and transmitted to the retina implant 1. 

For transmitting the stimulation data to the retina implant 
1, there exist different alternatives. According to a first 
embodiment, the stimulation data is modulated onto at least 
one of the first and the second high frequency signal. At the 
retina implant, the received electromagnetic signal is 
demodulated. In this embodiment, the first and the second 
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high frequency signal are used both for data communication 
and for transferring energy to the retina implant 1. 

According to a second embodiment, the stimulation data is 
transmitted to the retina implant 1 via a modulated light beam, 
preferably via modulated infrared light. In this embodiment, 
the first and the second high frequency signals are solely used 
for transferring energy to the retina implant 1. 

At the retinal implant 1, the stimulation data is decoded. In 
accordance with the stimulation data, stimulation pulses are 
applied to the micro-contacts of the retina implant 1. The 
stimulation of the retinal tissue causes a visual impression. 

FIG. 2 shows a cross section of a patient's eye comprising 
a retinal implant. External light passes the cornea 11 and the 
eye lens 12 and strikes the retina 13. The retina 13 covers a 
large part of the eyeball’s interior. The eyeball's outer surface 
is formed by the sclera 14. Between the retina 13 and the 
sclera 14, a choroid membrane 15 is located. The iris 16 
determines the amount of light that may enter into the interior 
of the eye. The eye lens 12 is fixed by the ciliary muscle 17. 

The retina implant comprises an intraocular part 18 and an 
extraocular part 19. The intraocular part 18 is located in the 
interior of the eye, whereas the extraocular part 19 is fixed to 
the outer surface ofthe sclera 14. The intraocular part 18 and 
the extraocular part 19 are electrically connected by wire 
connections 20 that pass through the sclera 14 at a position 
right behind the ciliary muscle 17. 

The patient wears an eyeglass frame 21 with glasses 22. A 
first transmission coil 23 is arranged around one of the eye- 
glasses. A second transmission coil 24 is integrated in one of 
thetemples 25 ofthe eyeglass frame 21. The first transmission 
coil 23 is adapted for transmitting a first high frequency 
signal, and the second transmission coil 24 is adapted for 
transmitting a second high frequency signal. The electromag- 
netic field generated by the first transmission coil 23 is super- 
posed with the electromagnetic field generated by the second 
transmission coil 24. The extraocular part 19 of the retina 
implant comprises a receiver coil 26, the receiver coil 26 
being adapted for receiving the superposed electromagnetic 
signal and for supplying electrical power to the components 
of the retina implant. Energy transfer from the first and the 
second transmission coil 23, 24 to the receiver coil 26 can be 
optimized by adjusting the relative phases and the respective 
amplitudes of the first and the second high frequency signal. 
Thus, the superposed electromagnetic field can be adjusted to 
the orientation of the receiver coil 26. 

Additionally, stimulation data carrying visual information 
has to be transmitted from the visual interface to the retina 
implant. In the embodiment depicted in FIG. 2, a modulated 
infrared beam 27 is used for transmitting the stimulation data 
to the retina implant. The infrared beam 27 may for example 
be generated by an infrared transmitter LED located in the 
vicinity of the glasses 22. The modulated infrared beam 27 
passes through the eye lens 12 and strikes an optical receiver 
element 28 (e.g. a photodiode) located on the intraocular part 
18 ofthe retina implant. The stimulation data received by the 
optical receiver element 28 is forwarded via the wire connec- 
tion 20 to a retina stimulation chip 29 located on the extraocu- 
lar part 18 of the retina implant. Preferably, the retina stimu- 
lation chip 29 is implemented as a digital signal processing 
chip. The retina stimulation chip 29 is operative to convert the 
stimulation data into corresponding stimulation pulses for an 
array 30 of micro-contacts located directly on the retina 13. 
The stimulation pulses are supplied to the array 30 of micro- 
contacts via the wire connection 20. The micro-contacts are 
adapted for stimulating the ganglia of the retina 13, and this 
stimulation causes a visual impression. 
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According to an alternative embodiment, instead of trans- 
mitting the stimulation data to the retina implant via a modu- 
lated infrared beam 27, the stimulation data may be modu- 
lated onto at least one of the first and the second high 
frequency signal. According to this embodiment, the first and 
the second high frequency signal are adapted both for trans- 
ferring energy and for transmitting the stimulation data to the 
retina implant. 

FIG. 3 shows the circuitry for generating the first and the 
second high frequency signal. A signal generator 31 provides 
ahigh frequency signal 32 to a phase shifter 33, and the phase 
shifter 33 converts the high frequency signal 32 into a first 
high frequency signal 34 and a second high frequency signal 
35. The phase shifter 33 induces a relative phase shift between 
the first high frequency signal 34 and the second high fre- 
quency signal 35. Preferably, the phase shift is in the range 
between -120° and +120°. The first high frequency signal 34 
is amplified by a first amplifier 36, and the amplified first high 
frequency signal 37 is supplied to a first transmission coil 38. 
Accordingly, the second high frequency signal 35 is amplified 
by a second amplifier 39, and the amplified second high 
frequency signal 40 is supplied to a second transmission coil 
41. Both the first transmission coil 38 and the second trans- 
mission coil 41 are integrated into an eyeglass frame 42. 

A retina implant 44 with a receiver coil 45 has been 
attached to one of the patient’s eye-balls 43. The receiver coil 
45 receives a superposed electromagnetic signal comprising a 
component transmitted by the first transmission coil 38 and a 
component transmitted by the second transmission coil 41. 

In FIG. 4, the amplified first high frequency signal 37 and 
the amplified second high frequency signal 40 are shown as a 
function of time. Both signals have the same frequency. The 
amplitude of the amplified first high frequency signal 37 is 
determined by the gain of the first amplifier 36, whereas the 
amplitude ofthe amplified second high frequency signal 40 is 
determined by the gain of the second amplifier 39. Hence, the 
two amplitudes may be varied independently. The amplified 
second high frequency signal 40 is phase shifted relative to 
the amplified first high frequency signal 37, with the phase 
shift 46 being induced by the phase shifter 33. By varying the 
amplitudes of the amplified first and second high frequency 
signal 37 and 40, and by varying the relative phase shift 46 
between the amplified first high frequency signal 37 and the 
amplified second high frequency signal 40, the resulting 
superposed electromagnetic field can be adjusted to the loca- 
tion and orientation of the receiver coil 45 in a way that the 
energy transfer from the first and second transmission coil 38 
and 41 to the receiver coil 45 is optimized, thus improving the 
degree of efficiency of energy transfer from the first and the 
second transmission coil 38 and 41 to the retina implant. 

The invention claimed is: 

1. A power supply for a retina implant adapted to be at least 
partly located in the interior of a patient's eye, the power 
supply comprising a first transmission coil; 

a second transmission coil; 

a signal generation unit adapted for generating a high fre- 

quency signal; 

a phase shifter configured to convert the high frequency 
signal generated by the signal generation unit into a first 
high frequency signal that is applied to the first trans- 
mission coil and a second high frequency signal that is 
applied to the second transmission coil, wherein the 
phase shifter is configured to shift a phase of the first 
high frequency signal relative to the second high fre- 
quency signal; 

wherein the first transmission coil is adapted for transmit- 
ting the first high frequency signal to a receiver coil, and 
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wherein the second transmission coil is adapted for 
transmitting the second high frequency signal to the 
receiver coil, 

wherein the first high frequency signal and the second high 
frequency signal are configured for creating a super- 
posed high frequency signal for the receiver coil, each of 
the transmission coils being configured for providing a 
respective component of the superposed high frequency 
signal, 

wherein the phase shifter adjusts the phase shift in order to 
adapt a superposed electromagnetic field of the super- 
posed signal to an orientation of the receiver coil, and 

wherein a frequency of the first high frequency signal is 
equal to the frequency of the second high frequency 
signal. 

2. The power supply of claim 1, further comprising at least 

one of: 

the first and the second transmission coil are oriented at a 
predefined angle relative to one another; 

the first and the second transmission coil are oriented at an 
angle between 70? and 120? relative to one another; 

the phase shift of the second high frequency signal relative 
to the first high frequency signal lies in the range 
between -120? and +120°; 

the frequency of the first high frequency signal and the 
second high frequency signal is in the range between 100 
kHz and 100 MHz. 

3. The power supply of claim 1, further comprising at least 
one amplifier adapted for amplifying the first high frequency 
signal and the second high frequency signal before supplying 
the first and the second high frequency signal to the first and 
the second transmission coil, respectively. 

4. The power supply of claim 1, comprising a first amplifier 
adapted for amplifying the first high frequency signal and a 
second amplifier adapted for amplifying the second high fre- 
quency signal. 

5. The power supply of claim 1, further comprising further 
transmission coils, wherein the signal generation unit is 
adapted for generating, in addition to the first and the second 
high frequency signal, further high frequency signals, and for 
applying the further high frequency signals to the further 
transmission coils. 

6. The power supply of claim 1, further comprising an 
eyeglass frame, with both the first transmission coil and the 
second transmission coil being integrated in the eyeglass 
frame. 

7. The power supply of claim 6, wherein the first transmis- 
sion coil is arranged around one of the eyeglasses of the 
eyeglass frame. 

8. The power supply of claim 6, wherein the second trans- 
mission coil is integrated into one of the temples of the eye- 
glass frame. 

9. A visual prosthesis system comprising 

a power supply according to claim 1; 

a retina implant adapted to be at least partly located in the 
interior of a patient's eye, the retina implant comprising 
the receiver coil; 

wherein the receiver coil is adapted for receiving the super- 
posed high frequency signal transmitted by the first 
transmission coil and the second transmission coil. 

10. The visual prosthesis system of claim 9, wherein the 
superposed high frequency signal comprises a first signal 
component transmitted by the first transmission coil and a 
second signal component transmitted by the second transmis- 
sion coil. 


US 9,079,042 B2 


9 


11. The visual prosthesis system of claim 9, wherein the 
first high frequency signal and the second high frequency 
signal are operative to transmit electrical power to the retina 
implant. 

12. The visual prosthesis system of claim 9, further com- 
prising a video camera adapted for acquiring image data and 
for providing a video signal. 

13. The visual prosthesis system of claim 12, wherein the 
video camera is integrated into an eyeglass frame. 

14. The visual prosthesis system of claim 9, further com- 
prising a data processing unit, the data processing unit being 
adapted for converting a video signal into corresponding 
stimulation data for the retina implant. 

15. The visual prosthesis system of claim 9, wherein at 
least one of the first high frequency signal and the second high 
frequency signal is modulated in accordance with stimulation 
data to be transmitted to the retina implant. 

16. The visual prosthesis system of claim 9, wherein the 
retina implant further comprises an array of micro-contacts 
adapted for contacting ganglia of the patient’s retinal tissue. 

17. The visual prosthesis system of claim 16, wherein the 
retina implant is adapted for receiving stimulation data and 
for stimulating the micro-contacts according to the stimula- 
tion data. 

18. The visual prosthesis system of claim 16, wherein the 
retina implant further comprises a stimulation chip adapted 
for converting stimulation data into corresponding stimula- 
tion pulses for the array of micro-contacts. 

19. A method for supplying power to a retina implant at 
least partly located in the interior of a patient’s eye, the 
method comprising 

generating a first high frequency signal and a second high 

frequency signal, wherein the second high frequency 
signal is phase shifted relative to the first high frequency 
signal, 

applying the first high frequency signal to a first transmis- 

sion coil and the second high frequency signal to a 
second transmission coil, 
transmitting the first high frequency signal by the first 
transmission coil and the second high frequency signal 
by the second transmission coil, wherein a frequency of 
the first high frequency signal is equal to the frequency 
of the second high frequency signal, wherein the first 
high frequency signal and the second high frequency 
signal are configured for creating a superposed high 
frequency signal for a receiver coil, each of the trans- 
mission coils being configured for providing a respec- 
tive component of the superposed signal, and 

controlling the phase shift between the first high frequency 
signal and the second high frequency signal such that a 
superposed electromagnetic field of the superposed sig- 
nal is adjusted to an orientation of the receive coil. 

20. The method of claim 19, further comprising receiving 
the superposed high frequency signal at the receiver coil of 
the retina implant. 

21. The method of claim 19, wherein the superposed high 
frequency signal comprises a first signal component transmit- 
ted by the first transmission coil and a second signal compo- 
nent transmitted by the second transmission coil. 

22. The method of claim 19, wherein generating a first high 
frequency signal and a second high frequency signal com- 
prises 

generating a high frequency signal, 

converting the high frequency signal into a first high fre- 

quency signal and a second high frequency signal, 
wherein the second high frequency signal is phase 
shifted relative to the first high frequency signal. 
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23. The method of claim 19, further comprising 

generating, in addition to the first and the second high 
frequency signal, further high frequency signals, 

applying the further high frequency signals to further trans- 
mission coils. 
24. The method of claim 19, further comprising modulat- 
ing at least one of the first high frequency signal and the 
second high frequency signal in accordance with stimulation 
data to be transmitted to the retina implant. 
25. The method of claim 19, further comprising 
adjusting the phase shift between the first high frequency 
signal and the second high frequency signal to optimize 
energy transfer to the retina implant. 
26. The method of claim 19, further comprising 
adjusting respective signal amplitudes of the first high fre- 
quency signal and the second high frequency signal to 
optimize energy transfer to the retina implant. 
27. A power supply for a retina implant adapted to be at 
least partly located in the interior ofa patient's eye, the power 
supply comprising 
a first transmission coil; 
a second transmission coil; 
a signal generation unit adapted for generating a first high 
frequency signal and a second high frequency signal, 
and for applying the first high frequency signal to the 
first transmission coil and the second high frequency 
signal to the second transmission coil, the second high 
frequency signal being phase shifted relative to the first 
high frequency signal; 
wherein the first transmission coil is adapted for transmit- 
ting the first high frequency signal, and wherein the 
second transmission coil is adapted for transmitting the 
second high frequency signal and wherein a frequency 
of the first high frequency signal is equal to the fre- 
quency of the second high frequency signal, 
wherein the first high frequency signal and the second high 
frequency signal are configured for creating a super- 
posed high frequency signal for a receiver coil, each of 
the transmission coils being configured for providing a 
respective component of the superposed signal, 
wherein at least one of: 
the first and the second transmission coil are oriented at 
a predefined angle relative to one another, 

the first and the second transmission coil are oriented at 
anangle between 70? and 120? relative to one another, 

the signal generation unit is capable of generating a 
phase shift of the second high frequency signal rela- 
tive to the first high frequency signal that lies in the 
range between -120? and 4120? and is controlled- 
such that a superposed electromagnetic field of the 
superposed signal is adjusted to an orientation of the 
receiver coil, or 

the signal generation unit is capable of generating a 
frequency of the first high frequency signal and the 
second high frequency signal in the range between 
100 kHz and 100 MHz. 

28. A power supply for a retina implant adapted to be at 
least partly located in the interior ofa patient's eye, the power 
supply comprising 

a first transmission coil; 

a second transmission coil; 

a signal generation unit adapted for generating a first high 
frequency signal and a second high frequency signal, 
and for applying the first high frequency signal to the 
first transmission coil and the second high frequency 
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signal to the second transmission coil, the second high 
frequency signal being phase shifted relative to the first 
high frequency signal; 

wherein the first transmission coil is adapted for transmit- 
ting the first high frequency signal to a receiver coil, and 
wherein the second transmission coil is adapted for 
transmitting the second high frequency signal to the 
receiver coil, 

wherein the first high frequency signal and the second high 
frequency signal are configured for creating a super- 
posed signal for the receiver coil, each of the transmis- 
sion coils being configured for providing a respective 
component of the superposed signal 

wherein the phase shift between the first high frequency 
signal and the second high frequency signal is adjusted 
such that a resulting electromagnetic field of the super- 
posed signal is adjusted to a location and orientation of 
the receiver coil so as to optimize energy transfer from 
the first and second transmission coil to the receiver coil, 
and 

wherein a frequency of the first high frequency signal is 
equal to the frequency of the second high frequency 
signal. 

29. A power supply for a retina implant adapted to be at 

least partly located in the interior of a patient’s eye, the power 
supply comprising 


20 


25 


12 


a first transmission coil; 

a second transmission coil; 

a signal generation unit adapted for generating a first high 
frequency signal and a second high frequency signal; 

a phase shifter configured to shift a phase of the second 
high frequency signal relative to the first high frequency 
signal; 

wherein the first transmission coil is adapted for transmit- 
ting the first high frequency signal to a receiver coil, and 
wherein the second transmission coil is adapted for 
transmitting the second high frequency signal to the 
receiver coil, 

wherein the first high frequency signal and the second high 
frequency signal are configured for creating a super- 
posed high frequency signal for the receiver coil, each of 
the transmission coils being configured for providing a 
respective component of the superposed signal, 

wherein the phase shifter is configured to control the 
shifted phase such that a superposed electromagnetic 
field of the superposed signal is adjusted to an orienta- 
tion of the receiver coil to optimize signal transfer to the 
receiver coil, and 

wherein a frequency of the first high frequency signal is 
equal to the frequency of the second high frequency 


signal. 


